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FAILURE MODES EFFECTS ANALYEIS {(FMEA) — CRITICAL HARDWARE
NMUMBER: 43-1-0431 -X

SUBSYSTEM NAME: MAIN FROFULSION

REVISION: 1 03/23/94
FART MAME PART NUMBER
VENDDR NAME VENDOR NUMEER
LRU I VALVE, BALL (TYPE 3) MC204-0205-00352

EATON CONSOLIDATED CONTROLS 1440-.511

PART DATA

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
VALVE, LHZ HIGH FOINT BLEED 1.5 INCH. NORMALLY CLOSED, PNEUMATICALLY
ACTUATED OFEN. INCORFORATES RELIEF VALVE.

REFERENCE DESIGHNATORS: Pv22

QUANTITY OF LIKE ITEMS: 1
CONE

FUNCTION: -

THIS VALVE CONTROLS THE FLOW OF GH2 BLEED FROM THE LH2 17-IMCH
DISCONNECT (WHICH IS THE HIGH FCINT IM THE ENGINE FEED EYSTEM) OVERBCOARD
THRGOUGH THE HIGH POINT BLEED DISCONNECT (PD17) INTO THE GRQURD VENT
SYSTEM, THE VALVE IS ACTUATEDR OFEN AT THE START GF SLOW FILL TO BLEED OFF
AMNY GH2 ACCUMULATED (N THE FEEDLINE DURING LOADING OPERATIONS. VALVE IS
CLOSED APPROXIMATELY TWENTY 51X SECONDS PRIOR TO LIFTOFF. THE VALVE
INCORPORATES A RELIEF FEATURE WHICH RELIEVES THE LINE BETWEEN THE HIGH
‘PCINT BLEED DISCONNECT AND THE BLEED VALVE BACK INTO THE FEEDLINE. THE
BLEED DISCONMECT ACTS AS A REDUNDANT INHIBIT AGAINST OVERBOARD FLOW
AFTEER LHZ TSM UMEILICAL SEFARATION.
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SHUTTLE CRITICAL ITEMS LIST - ORBITER

SUBSYSTEM :MAIN PEOPULSICON ) FMEA NO Q3-1 -0421 -1 REV:DS/03/8

ASSEMBLY :EATON CONSOL. CNHTLS CRIT. TUNC: 1=

P/H RI IMC2H4=0395-00G53 CRIT. HDW; 2

P/H VENDOR: VYEHICLE o2 103 16

QUANTITY :: 1 - EFFECTIVITY: X X X
* ONE PHASE (5] : FL Lc X oo o Is

REOUNDANCY SCREEN: A-PASS B-FAIlL. (¢-PASS

FREPARED BY: APPFROVED BY! APPROVED BY JILL.SA. :
DEs J E COSLUND DES - EEM

REL L H FINERERG REL ; v, REEL

OE E M SUTIERREZ QE LA ot g it QE

ITEM:

VALVE, GH2 HICH PT BLEED 1.5 INCH. NORMALLY ¢lOSED, ENEUMATICALLY
ACTUATED DPEK. INCORPORATES RELIEF VALVE. (PV22)

FUNCTION:
THIS VALVE CONTROUOLS THE FLOW OF ¢H2 BLEED FROM THE LHZ 17~INCH DISCONKE!

(WHICH IS THE HIGH PCINT IN THE ENGINE FEED SYSTEM) QVERBOARD ‘THROUGH TI
HIGH POINT BLEED DISCONNECT {PD17) INTC THE GROUND VENT SYSTENM. THE
VALVE IS ACTUATED OPEN AT THE START OF FAST FILL TO BLEED OFF ANY GHZ
ACCUMULATED IN THE FEEDLINE DURING LOADING CPERATIONS. YALVE IS5 CLOSED
APPROXIMATELY TWENTY SECONDS PRIOR TO LIFTOFF. THE VALVE IS MANUALLY
OPENED FOR FIRST WACUUM INERT (WIRED T THE LH2 INEQARD FILL & DRAIN
[P¥12] COCKEIT SWITCH). THE VALVE INCORPORATES A RELIEF FEATURE WHICH
RELIEVES THE LINE BETWEEN THE HIGH POQINT BLEED DISCOMNNECT AND THE BLEED
VALVE BACK INTO THE FEEDLINE. THE BLEED DISCONNECT ACTS AS A REDUNDANT
INHIBIT AGAINST OVERBOARD FLOW AFTER LH2 TSM UMBILICAL SEPARATION.

FATIIORE MODE:*
EELIEF VAILVE FATLS TO RESEAT DURING ASCENT.

CAUGE([S) :
PIECE PART STRUCTURAL FAILURE, BINDING, CONTAMINATION.
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SHUTTLE CRITICAL ITEMS LIST - ORBITER

- SUBSYITEM ;MAIN PROPULSION FHMEA NOQ Q3-1 =0431 =10 REV;05/03,/a8

EFPFECT(S) ON:
(A)SUBSYSTEM (B) INTERFACES ({C)MISSION (D)CREW/VEMICLE:

(A,B} NO EFFECT FIRST FATLURE. LH2? WILL ENTER THE BLEED LINE AND WILL
HOT LEAX OVERBOARD SINCE THE LH2 BLEED DISCONNECT {P01%) WILL BE CLQSED.
THE BLEED LINE CAN WITHSTAND ACCELERATION LOADS WITH LH2 PRESENT. LCC
REQUIRES VALVE TC EE CLOSED AT T-10 SECONDS {OKE TIME VERIFICATICH).

FAILS B SCREEN BECAUSE RELIEF VALVE LEAKAGE 15 UNDECTECTABLE IN FLIGHT
AND THERE IS NO INSTRUMENTATION IN THE BLEED LINE.

PASSES C SCREEN BECAUSE CONTAMINATION CANNOT EE USED AS A COMMON CAUSE
FOR THE DISCONNECT (PD17) FATLURE TO CLOSE AND THE HIGH POINT BLEED
RELIEF VALVE (FV22) FAILURE TO RESEAT (BLEED LINE PRESSURE WILL NOT
INCREASE TO RELIZF VALVE CRACKING PRESSURE WHEN DISCONNECT FATLS To
CLOSE). REFERENCE FMEA/CIL 0432-2.

(C,D) HO EFFECT.
{E} FUNCTIONWAL CRITICALITY EFFECTS
CASE I: iF/2, 2 SUCCESS PATHS. TIME FRAMF = ASCENT.

1) HIGH POINT BLEED (FV22) RELIEF VALVE FAILS ™0 RESEAT,
2) LH2 BLEED DISCONNECT (PD17) .FAILS TO REMAIN CLOSED.

LHZ WILL DUMF OVERBOARD RESULTING IN LOSS oOF PROFELLANT.
FIRE/EXFLOSIVE HAZARD EXTERIOR TO THE VEHICLE. POSSIBLE 1&SSs OF
CREW/VEHICLE,

CASE II: 1R/2, 2 SUCCESS PATHS. TIME FRAME - ASCENT.

1} HICH POINT ELEED (PV22) RELIEF VALVE FAILS TO RESEAT.
4} LH2 BLEED LINE BETWEEN FV22 AND PD17 RUPTURE/LEAKAGE.

Lii2 WILL LERK INTC THE AFT FUSELAGE CAUSING POSSTELE AFT COMPARTMENT
OVERPRESS AND FIRE/EXPLOSION HAZARD. POSSIBLE 1OSS OF CRITICAL
ADTACENT COMPONENTS DUE TO CRYO EXPOSURE. POSSIBLE LOSS OF
CREW/VEHICLE.
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SHUTTLE CRITICAL ITEMS LIST - CORBITER ,
=10 REV:05/03/5

SUBSYSTEM :MAIN FROPULEION FMEA NC 03=1 -04231

DISPOSTTION & RATIONALE:
{A)DESIGN (B)TEST (C)INSFECTION {D)FAILURE HISTORY E)UPERATICNAL DUSE:

(A) DESIGN

INTERNAL LEAKAGE CAN OCCUR DUE TQ ENTRAPMENT QOF CONTAMINANT PARTICLES
BETWEEN THE RELIEF VALVE POPPET AND SEAT. HOWEVER, SYSTEM CONTAMINATION
13 MINIMIZED DUE TO THEE PRESENCE OF AN ET SCREEN, A GSE DEBEIS PLATE, AND
& GEE FILTER.

THE RELIEF VALVE WILL RELIEVE AND RESEAT IN THE RANGE OF 15 TO 40 PSID
WITE A MAYIMUM FLOWRATE OF 1 PCUND PER SECOND OF L02. THE RELIEF VALVE'S
STMPLE DESIGN EMFLOYS A SPHERICAL XFL-F POPPET ATTACHED TC A 65061-Té51
PISTON WHICH IS LOADED BY AN ELGILOY SPRING, HOLDING THE POPPET ONTO ITS
SEAT. THE PLSTON IS GUIDED BY A 8061=T6&51 (AP AND, TO DREVENT RINDING,
THE TQLERANCES DETWEEN PISTON AND CAP ARE CLOSELY CONTROLLED (0.002 TO
0.00% ON THE DIAMETER). ADDITIONALLY, THE PISTON IS HARD ANODIZED.

(B} TEST
ATF
EXAMNINATICON OF PRODUCT I

AMBIENT FPROOF:
VALVE BODY = 195 PSIG, VALVE OPEN AND CLOSED
ACTUATOR - 1700 PSIG

VALVE RESPONSE TIMES — AMBIENT AND CRYQ (-300 DEG T AND -423 DEG F):
VALVE: 55 PSIG
ACTUATOR: 500 AND 740 PSIG

EXTERNAL LEAKAGE = AMEIENT AND CRYQD (=300 DEG F AND -423 DEG Fj!
VALVE BODY: 130 PSIG
ACTUATOR: 740 FPSIG

INTERNAL LEAKAGE - AMEIENT ANWD CRYO (-300 DES F AND -423 DEG F):
IKLET-TO=-OUTLET @ 55 PSIG
ACTUATOR: 740 PEIG

POSITION INDICATION: VERIFICATION COF OPERATIOR

ELECTRICAL CHARACTERISTICS - CONTACT RESISTANCE: INSULATION RESISTANCE:
AND DIELECTRIC STRENGTH.

RELIEFIVLE?E CRACK AND RESEAT - AMEIENT AND CRYOQ({-300 DEG F): 15-40 PSID
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SHUTTLE CRITICAL ITEMS LIST - ORBITER

UBSYSTEM :MAIN PROPULSIQN FMEA HO 03-1 =-0431 ~10 REV:05/03 /88

CERTIFICATION

LIFE =
CRYD = 500 CYCLES AT =400 DEG F
AMEIENT = 1500 CYCLES

RANDOM VIBRATICN TESTS - IN ALL THREE AXES
13.3 HOURS IN FACH AXIS WHILE PRESSURIZED TO 105 PSIG AKD AT =300
DEG F.

DESIGN SEOCF {(ALL THREE RXES].— 18 SHOCES OF 15G EACH, THREE TH EACH
ODIRECTIOR.

THERMAL CYLE TESTS ~ PERPORMED THREE TIMES
O DEG F TO -400 DEG F T0 70 DEG F TC 275 DES F TO 150 DE: F

VAILVE RESPONSE TIMES = AMBIENT AMD CRYO (-200 DEG F AND -423 DEG Fi:
VAIVE: 55 PSIG '
ACTUATOR: 500 AND 740 PSIG

EXTERNAL LEAFRAGE = AMBIENT AND CRYC (—-300 DEG F AND =423 DEG T):
VALVE BoD¥: 130 PSIG
ACTUATOR: 7440 PSIG

INTERNAL LEAFAGE -~ AMBIENT AND CRYC (-300 DEG F AND -423 DEG F):
INLET=-TO=-CUTLET ¥ 55 PSIG
ACTUATOR! 740 PSIG

ELECTRICAL CHARACTERISTICS - CORTACT RESISTANCE: INSULATION RESISTANHCE:
AND DIELECTRIC STRENGTH.

ELECTRICAL BONDING - LESS THAN 100 MILLICHME

BURST = BY SIMILARITY TQ THE TYPE ¥V VALVE. §00 PEI& VALVE BODY, 3400
PSIG ACTUATOR -

OMRED

V41AYQ. 140 LH2 PROPELLANT SYSTEM DECAY (EVERY FLT)

Y41BF2. 090 LHZ HI PT BLEED VALVE (PV22) SERT LEAK TEST (EVERY FLT)
V41BHO. 080 ILH? HI PT BLEED VALVE (PV22) RELIEF VALVE PFUNCTIONAL (I10)
V41BUO.1581 1M FEEDLINE SCREEN INSPECTION (I5)

V41BUD,163 LH2 FEEDLINE SCREEN INSPECTION - VERTICAL {I25)



SHUTTLE CRITICRL ITEMS LIST - ORBITER ,
SURSYSTEM :MAIN PROMILSION PMEA HO 03=-]1 0421 -10 REV:05/03/8

(€} INSPECTION
RECEIVING INSPECTION

RAW MATERIAL VERTFIED BY INSPECTION FOR MATERIAL AND PROCESS
CERTIFICATION. TEST REPUORTS REQUIRED OM CAST MATERIAL. COMPLETIAN OF
HOT ISOSTATIC PRESSEING (HIP) PROCESS IS VERIFIED. CAST HOUSING { ROUGSH
MACHINED) IS5 IRSPECTED FOR POROSITY.

CONTAMINATION CONTROL

CONTAMINATICN CONTROL PROCESS AND CORROSION PROTECTION PROVISIONS ARE
VERIFIED. TEE INTERNAL WETTED SURFACES ARE CLEANED TO LEVEL 400A AND
VERTFED BY INSPECTION.

ASSEMBLY /TNSTATLATION

ALL DETAIL PARTS ARE INSPECTED FOR CRITICAL DIMENSIONS, SURFACE FINISH,
BURRS, DAMAGE, AND CORROSION. CRITICAL POPPET AND ELEEVE SURFACES ARE
LAPPED AND INSPECTELD WITH 40X MAGNIFICATION. TORQUES ARE VERIFIED TO BE
IN ACCORDANCE WITH DRAWING REQUIREMENTS. PRICR TO INSTALLATION, SEALS
ARY VISUALLY EXAMINED WITH 10X MAGNIFICATION FOR DAMAGE AND CLEA.HLIHESE.
ALL SFRINGS ARE LOT TRACEABLE AND LOAD TESTED AT THE PIECE FART LEVTL.
MANDATORY INSFECTION POINTS ARE INCLUUED IN THE ASSEMBLY PROCEDURE, .

CRITICAL PROCESSES

HEAT TREATMENT OF THE VALVE BALL AFTER MACHINING IS VERIFYED. PART
PASSIVATION AND HARD ANODIZING ARE VERIFIED. CERTIFICATION OF WELDING,
POTTING, AND SOLODERING IS VERIFIED. PAINTING (ON BODY), ELECTRICAL
BONDING, AND DRY FILM LUBRICANT ARE VEHIFI‘.'D BY INSPECTION. ALL CASTINGS
ARE SURTECTED TD A HIP PROCESS.

BONDESTRUCTIVE EVALIIATION

FRICRE TO FINAL MACHINING, THE HOUUSING IS X-~RAYED, ETCH AND DYE PENETRANT
INZPECTED, AND LEAE CHECKED AT PROOF PRESSURE. ALL WELDS ON THE
ELECTRICAL CONNECTOR ARE DYE PEMNETRANT IKRSPECTED AND VERIFIED BY
INSPECTION.

TESTTHNG

ATP VERIFIED BY INSPECTICH.

PACTAGING/ HANDLING

HANDLING, PACFAGING, STORAGE, AND SHIPPIMG REQUIREMENTS ARE VERIFIED BY
INSPECTION.
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SHUTTLE CRITICAL ITEMS LIST - ORBITER

SUBSYSTEM :MATIN FPRCPUISION FMEA NO 03=-1 =0431 =10 REV:05/03/88

{0} PAILORE HISTORY

DURING ATF AT ROCKWELL-DOWNEY, THE TYPE IV BALL VALVE EXHIEITED
EXCESSIVE OUTLET-TO-INLET LEAKACE AT LH2 TEMPERATURES (REFERENCE CAR
AD1422). THE LEAKAGE WAS DUE TO HIGE POROSITY ©Of THE VALVE BODY (A3Sc
ALTMIHUM) AT THE BPALL SEAL EBODY CONTACT AREA. CCORRECTIVE ACTION WAS TO
IMPLEMENT A HOT ISOSTATIC PEESEING (HIP) FROCESS WHICH REDUCES THE
POROEITY OF THE PARENT METAL. THE PROBLEM IE ATF SCREENABLE DURING THE
HYDROGEN ATF. OV103 AND OV1(04 BALL VALVES (LHz ATPped BUT MOT HIPpPed)
HAVE EXHIBITED NO LEAKAGE. THE OV10: VALVES WERE NOT ACCEPTANCE TESTED
WITH Li2. THE OV102 LH2 VALVES ARE SCHEDULED FOR REMCVAL AND REWGRE FOR
OTHER DESEIGH CHANGES.

DURING LEAK TEST AT KSC, THE RTLS INBOARD DUMP. VALVE LEAKED INTERNALLY
{REFERENCE CAR AB5689). LEAKAGE WAS DUE TO CONTAMIKATION ON THE RELIEF
VALVE POFPET. THE VALVE WAS REPLACED AND SUBSEQUENTLY FRSSED THE VEHICLE
LEAE CHECK REQUIREMENIE.

GENERAL SYSTEM CONTAMINATION

THIE FAILIIRE MODE HAS HOT OCCUREED ON THIS COMPONENT DUE TG
CONTAMTHATION. HOWEVER, GENERAL MPS SYSTEM CONTAMINATION HAS QCCURRED
WHICH MAY LODGE AHYWHERE IN TEE SYSTEM CAUEING THIE FAILURE MODE
(REFERENCE THE FOLLOWING PARAGRAPHS) .

CONTAMINATICN FAILURES HAVE CCCURRED AT ALL PHASES OF MANUFACTURING AND
PARTS REPLACEMENT. JIN ALL CARSES, STRICT ADHERENCE TO CLEANLINESS CONTROL
PROCEDUREES IS THE PRIMARY METHCD OF CONTAMINATION PREVENTICH.

NUMEROUS LARGE PARTICLES OF BLACK RUBEER MATERIAL WERE FOUND DURING A
POST FLIGHT EXAMIKATION OF THE LAZ 17 INCH DISCONNECT OF OVD95 (FLIGHT 7,
FEFERENCE CAR ACSS800). THE LO2 AND IHZ SYSTEMS GOF ALL VEHICLES WERE
EXAMINED. NO RURRBER WAS FOUND TN ANY OTHER VEHICLES. AFTER EXTENSIVE
INVESTIGATION THE ORIGIN WAS NHOT DETERMINED.

METAL SHAVINGS HAVE BEEN DISCOVERED IN LINES AND COMFCONENTS, WHICH WAS
MOST LIKELY GENERATER WHEH THEY WERE CUT OUT AND/OR REPLACED (REFERENCE
CARS AC986R, AUES54, AC2210, AB1706: DR AD222s5), METHODS ARE BEING
REVISED TO MINIMIZE FARTICLE GENFRATION WHEN INSTALLINC/REPLACING
COMPONENTS, LINES, AND FITTINGS REQUIRING WELDED OR BRAZED JOINTS
(PRODUCT QUALTITY IMPROVEMENT COUNCIL). PERSONNEL HAVE BEEN CAUTICONED.
ROCKWELL PROBLEM ACTION CENTER WILL CONTINUE TO MONITOR BRAZING/WELDING
REWORK CONTAMINATION. PROCEDURES ARE BEING REVISED TGO IMPROVE
CLEANLINESS MAINTENAHNCE DURING COMPONENT BUILD UP AND BEEWORE (REFERENCE
MCR 12512). SUPPLIER DOCUMENTS/FROCEDURES EAVE BEEN REVIEWED AND
CLEANLINESS MAINTENENCE PROCEDURES HAVE BEEM IMPROVED.



SHUTTLE CRITICAL ITEMS LIST - ORBITER =

SUBSYSTEM :MAIN FROFULSION FMEA NG 03-1 =-0431 -1la0 REV:DE,’DJXE’

4 PIECE OF A BRAZING PREFCORM LODGED IN A 2=WAY SQLENQID VALVE CON OV-09%
AT PALMDALE CAUSING A LEAWAGE FAILURE {REFERENCE CARs AC2111, AB2538).
STEEL AND ALUMINUM PARTICLES CAUSED EXCESSIVE LEAKAGE ON THE 850 PSIG
EELIUM RELIEF VALVE (REF CAR AC2229). FOR BOTH FAILURES CORRECTIVE
ACTION WAS TOD ADD SPECIAL PURGE PORTS TO THF MPS HELITUM PANEL ASSEMBLIFES
TO IMPROYVE THE QUALITY OF FINAL CLOSECUT RRAZES,

SEVERAL FOREIGN MATERIALS WERE INTRODUCED INTO THE MPS SYSTEM DIFRING
MANUFACTURE AND PARTS REPLACEMENT. EXAMPLES ARE: GLASS CLOTH IN LINE TO
PREVENT TRAVEL OF CHIPE DOWN LINE; POLYSTYRENE OBJECT TO HOLD VALVE
POPPET COPEN WHILE PURGING: COTTON SWAR MATERIAL AND GLASS BEADS FROM
CLEANTNG OPERATION: MISCELLANFOUE PLASTIC: POAM: AND TADE {(REFERENCE CARS
AB47TB1, AC2217, ACE764, ACOBSE, MPSIAO0G05, AC7912, AROS30). MATERIALS
WERE REMCOVED AND PERSONNEL WERE CRUTIONED. A HIGH FLOW DELTA B TEST AT
PALMDALE WAS ADDED TO VERIFY THAT LINES WERE NOT PLUGGED. GRIT BLASTING
(GLASS BEADS AND SAND USEDR TQ CLEAN A LINE) IS5 NG LOWGER FERFORMED,
PROCEDURES ARE BEING REVISED TC IMPROVE CLEANLINESS MAINTENANCE DURING
COMPONENT BUILD UP AND REWORK (REFERENCE MCR 12512). ISUPPFLIER

DOCUMENTS /PROCEDURES KAVE BEEN REVIEWED AND CLEANLINESS MAINTENENCE
PROCEDURES HAVE BEEN IMPROVED.

ONE PIECE OF WIRE WAS FOUND IN THE INTERNAL RELIEF VALVE OF THE LO2
PREVALVE ON OV103 (REFERENCE CAR ACS1DY) . THE SOURCE OF THE
CONTAMINATIGN WAS NEVER FOUND, BUT IT WAS BELTEVED TO BE FROM THE ET. .
OTHER CONTAMINATION HAS BEEN FOUND ON THE FEEDLINE SCREENS, SUCH AS AN
UNIDENTIFIED ROUND GBJECT AND VARIOUS METALLIC FARTICLES (REFZRENCE CARS
ABO525 AND ABO530). SOURCE OF CONTAMINATION WAS UNDETERMINED. BORESCOPE
EXAMINATIONS ARE CONDUCTED ON ALL FEEDLINE SCREENS EVERY FIFTH FLIGHT TO
VERIFY CLEANLINESS. CONTAMINATION WAS REMOVED WHEN POSSIBLE.

(E} OPERATIONAL. USE
NGO ACTION CAN BE TAKEN.
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